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Most evidence suggests that the primary site of the vasoconstrictor action of 
angiotonin is the peripheral blood vessels and that it is largely independent of 
the central nervous system.  However, it has been found (Page, 1)  that sec- 
tioning the brain at various levels often causes the pressor response to be re- 
versed to depressor.  This work was amplified in a carefully executed investiga- 
tion by Euler and Sj6strand  (2) who demonstrated  that decerebration just in 
front  of,  or  behind,  the  posterior  quadrigeminal  bodies  reduced  the  pressor 
response, and that the reduction is even more striking if the cut extends through 
the lower part of the medulla oblongata or cervical spinal cord. 
During ibrevious work on this subject we had repeatedly observed that just 
after  cats were pithed,  the  response  to angiotonin  or renin  was  temporarily 
greatly reduced, but that usually it was restored after a period of 10 or 20 min- 
utes.  The occurrence of refractoriness  to angiotonin as a  result of operations 
on the nervous system and of hemorrhage constitute the subjects of this com- 
munication. 
Both cats and dogs anesthetized with pentobarbital  (30 to 35 mg. per kilo)  were 
used.  Femoral or carotid arterial pressure was recorded by a  mercury manometer. 
Angiotonin was prepared by the method of Page and Helmer (3).  Injections were 
made into a femoral vein. 
Production of Angiotonin Refractoriness and Hypotensio~  by Trauma 
Under pentobarbital anesthesia the carotid arteries of cats or dogs were tied and 
one of  them  cannulated  for blood pressure  measurement,  a  tracheal  cannula  was 
inserted and either one or both  vagus nerves were severed.  In preliminary experi- 
ments in which ether was used as  anesthetic,  it appeared  somewhat more difficult 
to induce refractoriness.  The pressor response to injection of  angiotonin into  the 
femoral vein was determined.  The skull was opened with a trephine and about one- 
half the calvarium removed with rongeurs,  care being taken to avoid the large blood 
sinuses.  Now the brain was traumatized by making a horizontal slice of about 4 mm. 
thickness  through  its  substance.  After  each  slice,  the  arterial  pressure  fell  but 
usually promptly recovered  to a  level  below the initial  one.  When recovery had 
occurred, the response to angiotonin was again ascertained.  After 5 to 20 minutes, 
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TABLE  I 
EstabHskment of Refractoriness to Angiotonin by Trauma to the Brain and Cord 
Rise in arterial 
pressure  after  Procedure  Mean B.P.  injection of 
angiotonin 
ram. Hg  ram. Hg 
Cat 2-68 
Carotid arteries tied and skull opened 
Angiotonin control ................................. 
10 rain. later angiotonin  ........................ 
5 rain. later angiotonin  ........................ 
Cortex sliced progressively  .......................... 
Angiotonin .................................... 
Angiotonin ................................... 
Angiotonin ................................... 
Angiotonin ................................... 
Angiotonin  .................................... 
156 
106 
110 
94 
86 
72 
46 
80 
42 
42 
41 
38 
28 
20 
22 
6 
Cat 2-72 
Carotid  arteries fled,  both kidneys removed, and skull 
opened and central nervous system slowly destroyed.. 
Angiotonin 20 rain. later ........................ 
Angiotonm  ..................................... 
Angiotonin .................................... 
Angiotonin ..................................... 
Angiotonin .................................... 
Angiotonm .................................... 
Angiotonm. 
Angiotonin. 
Angiotonin .................................... 
Angiotomn. 
Angiotonm .................................... 
Angiotonin. 
Angiotonin .................................... 
62 
64 
94 
66 
40 
26 
50 
56 
58 
62 
62 
36 
38 
32 
74 
80 
88 
44 
56 
44 
14 
20 
18 
12 
12 
10 
12 
6 
Cat 2-85 
Carotid arteries tied and both vagus nerves cut 
Angiotonin ................................... 
Cord severed between 5th and 6th spinal nerves 
Angiotonin .................................... 
Angiotonin .................................... 
Angiotonin .................................... 
Angiotonin ................................... 
Angiotonin ................................... 
104 
90 
76 
76 
80 
84 
64 
4 
22 
28 
38 
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Rise in arterial 
Procedure  Mean B.P.  pressure after 
injection of 
angiotonin 
rnm.  Hg  ram. Hg 
Cat 2-85--Concluded 
Cord severed between 5th and 6th spinal nerves--Con- 
cluded 
Angiotonin ................................... 
Angiotonin ................................... 
Angiotonin ................................... 
Angiotonin ................................... 
Angiotonin ................................... 
Angiotonln ................................... 
Methyl isothiourea, 50 mg  ...................... 
Methyl isothiourea, 50 mg  ...................... 
Angiotonin ................................... 
Methyl isothiourea ............................ 
Methyl isothiourea ............................ 
Methyl isothiourea ............................ 
Methyl isothiourea ............................ 
Methyl isothiourea ............................ 
Methyl isothiourea ............................ 
Methyl isothiourea ............................ 
86 
80 
76 
74 
68 
58 
60 
88 
116 
116 
120 
124 
120 
122 
124 
122 
40 
24 
20 
10 
10 
8 
80 
58 
14 
54 
50 
34 
24 
18 
10 
6 
Dog 2-99 
160  24  Angiotonin .................................... 
Craniotomy  and  portion  of  right  hemisphere removed 
with an "electric knife" 
Angiotonin .................................... 
Angiotonin .................................... 
Section of brain with electric knife 
Angiotonin .................................... 
Section of brain 
Angiotonin ................................... 
Section of brain 
Angiotonin .................................... 
Angiotonin .................................... 
122 
116 
78 
60 
54 
50 
30 
30 
30 
12 
8 
2 
another slice was made,  and  so on,  until  the blood  pressure had  fallen  to  a  level  of 
from 30  to  60 mm.  Hg and  the  response to  angiotonin had  become greatly  reduced 
or abolished  (Fig.  1).  An example of the effect of this procedure is given in Table I 
(cat  2-68). 
The  occurrence  of angiotonin  refractoriness  does not  appear  to be correlated 
with  the destruction  of any  special part  of the brain.  Rather  it is related  to the 44  LOSS  OF  PRESSOR  RESPONSE  TO  ANGIOTONIN 
amount of trauma sustained by the nervous system.  And this trauma appears 
to be of an especial sort.  For instance, in three experiments, electrodes were 
buried in the substance of the brain and the brain stimulated for periods of 30 
seconds with an induction coil.  Even repeating the period of shock three times 
did not lead to refractoriness.  Yet the insertion of a needle alone into the cis- 
terna magna and trauma to the brain stem, or an extended laminectomy may 
be followed by a fall in arterial pressure and rapid development of refractoriness. 
FIG.  1.  Development  of angiotonin  refractoriness  in  a  dog nephrectomized  just 
before injury to the brain.  Initial arterial  pressure  =  61 mm. Hg.  The brain  was 
progressively sliced and after each operation  angiotonin  was injected as indicated  by 
the marker.  The drum was stopped after the height of the rise in blood pressure. 
Sometimes it was found simpler to induce refractoriness by laminectomy in 
the cervical region and tying the cord anywhere between the exits of the first 
to the fourth spinal nerves with the aid of a tenaculum.  Usually the response 
disappeared immediately or was sharply reduced (cat 2-85, Table I).  In others, 
when  sufficient  trauma  was  not  inflicted  the  response  was  sometimes  only 
slightly diminished.  Experiments have been performed with both angiotonin 
and renin and much the same result was obtained except that refractoriness to 
renin developed more readily. 
Blood loss may be avoided by sectioning the brain with an electrosurgical 
knife (dog 2-99, Table I).  This is a very convenient way of producing refrac- 
toriness  but  requires  more  equipment  than  is  usually  available.  A  third 
method is simple concussive trauma to the barred skull.  In some experiments 
the pressor response is converted into a depressor one (Fig. 2).  Tyramine (1 
mg.) and adrenalin (1 cc. of 1 : 100,000)  still elicited pressor responses, quite as IRVINE  H.  PAGE  45 
sharp  as before injury.  After a  rest period  of from 10 to 30 minutes,  the re- 
sponse  to angiotonin usually  returns  gradually  and  a  refractory period  again 
may be induced. 
It is  of interest  that  a  rise  in  arterial  pressure  following trauma  occurs in 
suprarenalectomized  as well  as  in  normal cats  and  that  refractoriness  also  is 
observed (two experiments). 
FIG.  2.  Example  of the  development of angiotonin refractoriness  from blows on 
the head of an anesthetized  cat with  reversal  of  the  pressor response of  angiotonin 
to depressor.  (1-5)  angiotonin;  (6)  concussive blows on head;  (7)  angiotonin;  (8) 
angiotonin. 
Production of Angiotonin Refractoriness and Hypotension by Hemorrhage 
Dogs were anesthetized with pentobarbital,  the  response  to 0.2  cc.  of angiotonin 
ascertained, and then they were bled from 2.5 to 3 per cent of their body weight from 
the carotid artery.  Arterial pressure  fell  sharply to about 40 mm.  Hg.  Repeated 
small bleedings were then performed in an attempt  to keep the blood pressure at a 
level of from 30 to 40 ram. Hg for approximately an hour and a half. 
It was found in eight experiments that directly after the initial bleeding the 
responsiveness to angiotonin often increased but that within an hour of marked 
hypotension the response rapidly diminished and finally completely disappeared. 
If the whole amount of blood withdrawn was returned the arterial pressure rose 
to 100 ram. Hg or more but the responsiveness to angiotonin might or might not 
be restored.  On the other hand,  if some response was still elicited during the 
period  of marked hypotension,  administration  of blood enhanced  the pressor 
response.  Bilateral  nephrectomy  did  not  prevent  refractoriness  from  ap- 
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In six experiments both suprarenal glands were removed from 3  to 18 hours 
before  the  experiment.  The  response  to  angiotonin  was  quickly  lost  after 
bleeding and partially recovered after return  of the blood (Table II). 
TABLE II 
The Effect of Hemorrhage on the Pressor Response  to Angiotonin 
Pressorresponse  Experiment  Time  B.P.  Amount of blood  removed 
No.  to angiotonin 
3-55 
3-68 
3  -69 
p,m. 
2:00 
2:15 
2:25 
2:30 
3:10 
3:20 
3:30 
4:30 
4:31 
4:33 
5:00 
1:38 
1:45 
1:48 
1:53 
2:07 
2:17 
2:26 
2:33 
2:40 
2:55 
3:06 
3:21 
3:37 
3:45 
4:15 
1:16 
1:27 
1:47 
2:05 
2:09 
2:28 
2:35 
2:55 
3:07 
3:10 
ram. Hg 
124 
86 
74 
70 
42 
20 
82 
82 
86 
42 
166 
48 
62 
20 
28 
42 
42 
28 
28 
88 
84 
130 
42 
26 
24 
44 
50 
100 
90 
84 
ram.  Hg 
16 
26 
22 
12 
20 
24 
2 
10 
0 
8 
4 
0 
16 
14 
14 
co. 
180 
15 
28 
14 
237 returned 
450 
95 
30 
550 returned 
370 
360 returned IRVINE  If. PAGE  47 
TABLE  II--Concluded 
After Bilateral Suprarenalectomy (24 Hrs. before the Experiment) 
Experiment  Time  B.P.  Pressor response  Amount of blood removed 
No.  to angiotoniu 
co. 
3-84 
3-86 
p.M. 
1:25 
1:30 
1:45 
1:55 
2:00 
2:10 
2:30 
2:40 
2:45 
3:00 
3:08 
3:12 
3:25 
3:30 
3:40 
3:45 
3:55 
4:10 
1:40 
1:50 
2:00 
2:10 
2:15 
2:34 
2:45 
2:53 
2:57 
3:00 
3:09 
3:20 
3:31 
3:37 
3:45 
4:02 
ram. Hg 
184 
180 
182 
84 
46 
34 
32 
30 
32 
36 
28 
80 
86 
86 
110 
102 
102 
82 
124 
118 
120 
46 
42 
44 
36 
32 
28 
82 
74 
82 
68 
56 
50 
26 
ram. Hg 
2O 
24 
18 
8 
6 
2 
10 
12 
8 
24 
20 
14 
10 
0 
185 
25 
90 returned 
120 returned 
135 
60 
100 returned 
95 returned 
The Lack of Development  of Angiotonin Refractoriness When the Nervous 
System Is Destroyed  with a Minimum of Trauma or Inhibited by 
Local Anesthetics 
A. Pithing.--Destruction of the nervous system by expert pithing was shown 
(Page and Helmer,  3)  not to interfere with the pressor action of angiotonin or 
renin.  But it was repeatedly observed that if the operation was not performed 48  LOSS  OF  PRESSOR  RESPONSE  TO  ANGIOTONIN 
quickly and  expertly,  the  responses were  reduced  or abolished  for  10  to  20 
minutes after the operation.  They then slowly returned.  The fact of impor- 
tance  is  that  the  nervous system  is  not necessary for the  pressor  action  of 
angiotonin (Page,  5).  This  is  exemplified  in Fig. 3.  Sometimes the pithed 
animals were more sensitive  than those with intact nervous systems.  Thus, 
of 17 animals,  10 showed a greater response directly after pithing than before. 
Since  the effects of pithing are so complex and dependent on the manner in 
which the operation  is  carried  out,  it  seems  unwise,  on  the basis of present 
evidence,  to  conclude  that  pithing  makes  animals  more  sensitive  to angio- 
tonin.  It is enough that it does not make them less sensitive. 
Another type of refractoriness to angiotonin develops in pithed cats which 
seems to depend merely on exhaustion of the animal.  In several experiments 
FIG. 3.  Example  of  the  response of an  expertly  pithed  cat  to varying doses of 
angiotonin.  Despite  the  fact that  the  blood pressure  level is  60 ram.  Hg the  re- 
sponses are  excellent.  The pressure may be as low as 30 ram. Hg and yet the re- 
sponse be active. 
as many as 60 doses of angiotonin producing pressor responses of 40 mm. Hg or 
more have been given without appreciable loss of responsiveness.  When the 
response begins  to  diminish  the  animal  is  apparently exhausted.  This phe- 
nomenon is not what we have referred to previously as angiotonin tachyphy- 
laxis  (Page and Helmer, 4). 
B. Local Anesthetic.--Procaine (2 or 5 cc. of 2 per cent solution) was injected 
into the lower spinal canal in cats.  The response to angiotonin immediately 
before the procaine averaged about 46 mm. Hg, immediately after 24 mm. Hg, 
and within 4 minutes again 44 ram. Hg.  Then 3 cc. of procaine was injected 
into the cisterna magna after removal of the same amount of spinal fluid.  The 
response immediately after was 34 mm. Hg and 10 minutes later 32 mm. Hg. 
In three experiments  3  to 5  cc.  of procaine was injected  into the  cisterna 
magna and artificial respiration started immediately (Table III).  The respon- 
siveness to angiotonin remained unaltered.  The spinal  cord was cut after a TABLE  III 
The Effect of Procaine in Blocking the Action of Severe  Traumatizing Procedures on 
the Responsiveness  to Angiotonin 
Response to 
Procedure  Mean ar terlaA  angiotonin 
pressure  Rise in arterial 
pressure 
ram. Hg  ram. Hg 
Cat 2-91 
One vagus nerve severed 
Angiotonin ........................................... 
Angiotonin ........................................... 
Angiotonin .......................................... 
3=cc.  procaine  (2  per  cent)  in  cisterna magna  and  artificial 
respiration 
Angiotonin .......................................... 
Angiotonin ......................................... 
Spinal cord cut between exits of spinal nerves 2 to 3 
Angiotonin .......................................... 
Craniotomy and section of brain 
Angiotonin .......................................... 
Brain thoroughly mauled 
Angiotonin  .......................................... 
Methyl isothiourea, 50 mg  ............................. 
Methyl isothiourea, 50 mg  ............................. 
Angiotonin .......................................... 
Angiotonin .......................................... 
212 
154 
184 
140 
66 
54 
52 
42 
44 
60 
58 
110 
30 
30 
26 
28 
30 
40 
38 
18 
34 
32 
34 
42 
Cat 2-97 
Both vagus nerves severed 
Angiotonin .......................................... 
2 cc. 2 per cent procaine in lower spinal canal +  2 cc. in cisterna 
magna 
Angiotonin  ......................................... 
Craniotomy ......................................... 
Angiotonin ......................................... 
3 cc. procaine injected into substance of the brain 
Angiotonin  ......................................... 
1  cc.  procaine  injected  into  substance  of  the  brain.  Brain 
sliced 
Angiotonin  .......................................... 
Angiotonin  .......................................... 
Medulla mauled ..................................... 
Angiotonin  ......................................... 
Angiotonin  ......................................... 
Tyramine, 1 mg  ..................................... 
Angiotonin  ......................................... 
Angiotonin ......................................... 
Tyramine, 1 mg  ..................................... 
Methyl isothiourea, 50 mg  ............................ 
Angiotonin  .........................................  ! 
Angiotonin 30 rain. later ............................. 
Angiotonin 1 hr. later .................................  I 
Tyramine, 1 mg  ..................................... 
144 
142 
124 
126 
124 
102 
100 
94 
88 
82 
66 
68 
80 
82 
80 
70 
74 
44 
22 
28 
58 
46 
34 
32 
20 
32 
26 
10 
24 
70 
6 
12 
46 
16 
49 50  LOSS  OF  PRESSOR  RESPONSE  TO  ANGIOTONIN 
laminectomy at the level of exit of the second spinal nerve.  Still the response 
remained  unchanged.  Craniotomy  and  section  of  the  brain  was  next  per- 
formed but still no decrease in response was observed.  Examples of this type 
of experiment are given in Table III and in Fig. 4. 
In the second example given in Table III, refractoriness to angiotonin ulti- 
mately developed.  This may or may not have been due to incomplete block- 
age of the nervous system.  The experiment illustrates well that refractoriness 
FIG. 4.  Example of the partial lack of development of refractoriness to angiotonin 
despite pronounced injury to the nervous system when procain was injected into it. 
(1) Angiotonin;  (2)  3 cc. 2 per cent procain injected  into cisterna magna, artificial 
respiration started; (3) angiotonin; (4) angiotonin; (5) spinal cord cut after laminec- 
tomy at level of spinal nerve 2 to 3;  (6)  angiotonin;  (7)  craniotomy and section  of 
brain;  (8) angiotonin;  (9) brain thoroughly destroyed; (10) angiotonin;  (11) angio- 
tonin;  (12) methyl isothiourea 50 nag.; (13) angiotonin;  (14) methyl isothiourea 100 
mg.; (15) angiotonin; (16) methyl isothiourea 200 mg.; (17) angiotonin. 
sometimes develops without  as  severe a  fall in  arterial pressure as  occurs in 
most animals.  It also illustrates the fact that despite refractoriness to angio- 
tonin, the response to tyramine and methyl isothiourea is still active.  A third 
observation of importance is that refractoriness may disappear if a  sufficiently 
long rest period is allowed.  Thus the rise in pressure on injection of angiotonin 
when incomplete refractoriness had developed was 6 mm. Hg, 30 minutes later 
it was 12 mm. Hg, and one hour later, 46 ram. Hg. 
Still another way to perform the experiment was to inject 2 cc. of procaine 
into  the  lower spinal canal and from 4  to 6  cc.  into  the brain  through  small 
trephine  openings.  Craniotomy may then  be performed with  section  of  the IRVINE 1~.  PAGE  51 
brain but  little loss of responsiveness  to  angiotonin  occurs.  Given  intrave- 
nously, procaine does not  seem to be effective in preventing development of 
refractoriness. 
It thus appears that if the action of the nervous system is blocked by treating 
it with a local anesthetic, procedures which would be expected to induce angio- 
tonin refractoriness are usually no longer effective. 
_Procedures Aiming to Modify Refractoriness to A ngiotonin 
1.  Bilateral  Nephrectomy.--Removal  of both kidneys one-half hour or more 
before the brain was traumatized appeared to prolong somewhat the time re- 
quired for refractoriness to develop (Table I).  The response to angiotonin was 
initially greater,  as was  to be expected,  than  in animals with  intact kidneys 
(Page  and  Helmer,  3).  While  nephrectomy  appeared  to  delay  slightly the 
onset  of  refractoriness  it  did  not  prevent  it  (three  experiments). 
2.  Suprarenalectomy.--The suprarenal glands were removed in two cats one 
day before the experiment and in three, one-half hour before.  Both groups of 
animals were  difficult to  keep alive during  and  after  trauma  to  the nervous 
system, but  refractoriness developed.  Since these experiments were  difficult 
to perform, it was thought that repeated injections of large doses of adrenalin 
might mimic in some degree the results of trauma.  Injection of 3 doses of 0.1 
cc. of 1 : 1000 adrenalin at 6 minute intervals into two cats failed to decrease the 
response to angiotonin. 
3.  ttemorrhage.--Since some blood was lost during trauma to the brain, the 
effect of loss of what we believe to be comparable amounts was studied without 
the complicating results of trauma.  We soon found  that  small hemorrhages 
had little effect and that very large ones were necessary to elicit refractoriness. 
For example, the initial pressor response was 36 mm. Hg in one 3 kilo cat.  Blood 
(2 cc. per kilo body weight) was removed and the response to angiotonin was 38 ram. 
Hg.  Then 4 cc. per kilo was removed and the response was 36 mm. Hg; again 4 cc. 
per kilo removed and the response was 52 mm. Hg; again 2 cc. per kilo and the re- 
sponse was 38 ram. Hg; again 2 cc. per kilo and the response 40 mm. Hg.  The animal 
was  becoming very dyspneic and  the  arterial pressure  had  fallen  to  68  mm.  Hg. 
The response to angiotonin suddenly fell to 8 ram. Hg and  restoration of 30 cc. of 
blood failed to cause any increase in responsiveness. 
A  second cat gave  similar results.  Hemorrhage,  unless marked,  is not  an 
important factor contributing to alteration in the response to angiotonin. 
4.  Miscellaneous  Substances.--The  following substances  have  been  admin- 
istered intravenously in cats ranging in weight from 3  to 4 kilos to determine 
whether they alter reactivity:-- 52  LOSS  OF  PRESSOR  RESPONSE  TO  ANGIOTONIN 
Time required  for  Ability to restore responsiveness  to 
administration  angiotonin 
Heparinized dog's blood, 50 cc  ............ 
Suprarenal cortical hormone, 1 cc  ......... 
Adrenalin, single pressor doses or infusions. 
Pituitrin, 0.1  to 0.15 cc. u.s.P  ............. 
Calcium gluconate, 1 gm ..........  i ...... 
Sodium glycerophosphate, 1 gm ........... 
Glycine, 3 to 8 cc. of 20 per cent solution. 
Casein digest, 20 cc  ...................... 
Prostigmine, 1 cc., 1:4000 .............. 
Hypertonic glucose, 20 cc  ............... 
4 min. 
30 sec. 
10 sec. 
30 sec. 
30 sec. 
30 sec. 
1 rain. 
2 min. 
10 sec. 
2 min. 
(Maximum ++++) 
0 
0 
0 
0 
0 
0 
+  +  but not uniform 
0 
0 
0 
Acacia,  4 gm  ......................... 
16 gm ......................... 
Paredrine~ 0.05 cc  ...................... 
Ephedrine, 0.6 mg  ..................... 
Acute 02 deficiency  .................... 
Ascorbic acid, 100 mg  .................. 
Yeast nucleic acid sodium salt, 100 mg  .... 
Benzedrine solution, 0.1 cc  ............ 
Adenosine, 10 mg  ....................... 
Dichloroindophenol, 10 cc. 1 mg. per co... 
Cystine hydrochloride, 0.5 grain .......... 
Atropine, grain 1/50 .................... 
Tyrosine, 0.1 gm  ........................ 
Urea, 60 per cent 4 cc  ................... 
Glycolic acid, 1 cc  ...................... 
Methyl isothiourea, 50 mg  ............... 
2 min. 
5 min. 
10 sec. 
10 sec. 
10 sec. 
10 sec. 
10 sec. 
10 sec. 
10 sec. 
3 rain. 
10 sec. 
10 sec. 
10 sec. 
30 sec. 
10 sec. 
10 sec. 
0 
+  but not uniform 
+ 
0 
0 
0 
+ 
0 
+  (?) 
0 
0 
0 
-t-+ When  blood 
pressure  is  low 
but  2ud  dose 
no  effect 
0 
+  but not uniform 
It  is of especial interest  that  reactivity  of the blood vessels to angiotonin  is 
not  restored  merely  by  elevating  the  mean  arterial  pressure.  This  can  be 
demonstrated  by infusing acacia (Fig. 5).  A  rise in pressure, for example, from 
52  mm.  Hg  to  96  mm.  did not  restore  responsiveness.  From  30  to  50  cc.  of 
heparinized  cat or dog blood was also ineffective (two experiments). 
Once  having  established  refractoriness  by  trauma  to  the brain,  completing 
the destruction  of the nervous system by pithing did not reestablish responsive- 
ness nor even alter it. 
Glycine.--Administration of 2  to 4  cc.  of a  20 per cent solution of glycine to 
an  angiotonin-refractory  cat  often caused  a  moderate  rise  in arterial  pressure 
but  occasionally none or even a  slight fall (eight experiments).  If angiotonin 
is given about  30  seconds after it has elicited a  rise,  the pressor  effect may  be 
increased  50  per  cent  or  more.  This  enhancement  can  be  repeated  several 
times but  then no longer occurs.  In an occasional animal  none is observed. IRVINE H.  PAGE  53 
Methyl Isothiourea.--Administration  of from 25  to 50 mg. of this substance 
into a  cat in which refractoriness to angiotonin has been established  results  in 
a  sharp rise of arterial pressure quite as great as before establishment of angio- 
tonin  refractoriness.  The  depth  and  rate  of respiration  is  increased.  If the 
doses of methyl isothiourea are repeated the pressor response becomes progres- 
sivelyless after about the third one.  The rise in pressure maybe preceeded by 
FIG. 5.  Example of the development of angiotonin refractoriness in a cat in which 
the refractoriness was not overcome by raising the level of arterial pressure by injec- 
tion of acacia or whole blood.  (1)  Injection of angiotonin after exposure of brain; 
(2)  angiotonin response  after  first  section of brain;  (3)  same after  section of pons; 
(4) angiotonin; (5) angiotonin; (6) angiotonin; (7) 4 gin. of acacia injected; (8) angio- 
tonin; (9) angiotonin; (10) 50 cc. of fresh whole blood injected; (11-13) angiotonin. 
FIG.  6.  The  specific  loss  of  responsiveness  to  angiotonin  as  a  result  of  central 
nervous  system injury.  (1)  tyramine  1 rag.;  (2)  angiotonin;  (3)  adrenalin  0.2  cc. 
1.10;000; (4) adrenalin 0.3 cc.; (5)  nervous system injured;  (6) angiotonin; (7) tyra- 
mine;  (8)  adrenalin;  (9)  angiotonin;  (10)  tyramine. 
a  fall which grows greater with  each  new dose until  the action of the drug is 
reversed from pressor to depressor. 
Neitherglycine or methyl isothiourea will restore reactivity when the response 
to angiotonin is completely lost or very weak. 54  LOSS  OF  PRESSOR  RESPONSE  TO  ANGIOTONIN 
TABLE  IV 
Comparison of Response to Angiotonin and the Arterial Pressure during Progressive Trauma 
Cat No. 
2-33 
Meal 
B.P, 
160 
'  140 
126 
142 
82 
84 
84 
72 
68 
74 
52 
46 
44 
I  Risein  I[  CatNo 
_  B  P  -- 
g  ram. Hg 
/  20  /J  2-88 
44 
58 
48 
34 
26 
20  2-81 
24 
40 
34 
40 
Dog 
1-591 
Cat 
2-96 
122  30 
116  30 
78  30 
60  12 
54  8 
I  Mean 
B.P. 
ram.  Hg 
170 
116 
140 
100 
76 
60 
60 
Rise in 
B.P. 
mm.  tlg 
26 
44 
34 
24 
14 
6 
8 
176  28 
140  40 
112  36 
118  26 
84  20 
86  14 
88  10 
94  6 
112  20 
114  10 
198  22 
116  38 
108  32 
86  50 
66  28 
32  2 
104  64 
76  22 
76  22 
80  38 
82  40 
86  40 
80  24 
78  20 
74  10 
68  10 
48  8 
174  40 
98  34 
54  10 
54  8 
50  4 
50  0 
Cat No.  "~  ~]~: 
ram.  t 
2-75  134 
136 
92 
88 
88 
62 
50 
2-65 
Mean  Rise in 
.  B.P. 
tg  ram. Hg 
60 
56 
32 
22 
24 
2 
,  10 
130  16 
120  13 
110  13 
98  17 
66  10 
66  11 
56  9 
52  7 
21 
21 
20 
19 
14 
10 
11 
3 
46 
46 
32 
28 
22 
28 
4 
34 
32 
30 
20 
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TABLE IV--Concluded 
55 
Cat No. 
2-72 
Nephrecto- 
mized 
Meag 
B.P. 
ram. I~ 
62 
64 
94 
66 
i 
i  40 
26 
50 
56 
i  48 
62 
62 
36 
46 
38 
32 
Rise in 
B.P. 
g  ram. Hg 
74 
8O 
88 
44 
56 
44 
14 
20 
18 
12 
12 
10 
14 
12 
6 
Cat No. 
2-73 
Mean 
B.P. 
ram. H g 
108 
114 
88 
110 
112 
Rise in 
B.P. 
ram. lt g 
12 
18 
12 
8 
6 
Cat No. 
2-71 
Mean 
B.P. 
ram. H g 
144 
84 
86 
100 
84 
98 
82 
Rise in 
B.P. 
tara. ttg 
6O 
54 
44 
46 
38 
24 
6 
Rest.--It  has  been  observed  in  seven  experiments  that  refractoriness  to 
angiotonin tends to disappear even though the blood pressure is very low if a 
rest period of from 30 minutes to 1½ hours is given.  For example, the response 
to a  standard dose of angiotonin in a  cat had fallen from 44 ram. Hg before 
injury to 6 mm. Hg.  After a  rest of over a half hour the response rose to 12 
ram. Hg, and one hour later to 46 ram. Hg. 
Specificity  of Refractoriness to Angiotonin 
It was a  matter of importance to ascertain whether refractoriness to angio- 
tonin was due merely to general somatic depression resulting from injury to the 
nervous  system.  The  response  to  adrenalin  (1  cc.  of  1:100,000  dilution), 
tyramine (1 rag.), and methyl isothiourea (50 rag.) was determined along with 
that of angiotonin and then the nervous system was progressively injured.  The 
responsiveness to this series of pressor drugs was repeatedly measured. 
The striking fact emerged (Fig. 6) that when the response to angiotonin was 
completely abolished,  adrenalin,  tyramine, and methyl isothiourea still gave 
rise in arterial pressure as great as before injury.  For these experiments five 
dogs and three cats were employed.  Examples of the tyramine effect are given 
(cat 2-97, Table III), the methyl isothiourea effect (cat 2-85, Table I). 
It seems safe to conclude that refractoriness to angiotonin can be fully de- 
veloped at a  time when full responsiveness exists for adrenalin,  tyramine, and 
methyl isothiourea. 
Relationship  between Fall in Blood Pressure Produced by Expert Pithing and by 
Trauma to the Nervous System and Refractoriness to Angiotonin 
When arterial pressure is abnormally high to begin with in an anesthetized 
animal, the response to angiotonin is usually smaller than when the pressure is 56  LOSS  OF  PRESSOR  RESPONSE  TO  ANOIOTONIN 
within more normal limits.  Severe reduction of the level of pressure by expert 
pithing leaves the response unaffected or enhanced.  The latter is the more 
usual.  Clearly,  arterial pressure  can be  severely depressed without  loss  of 
responsiveness to angiotonin. 
If, on the contrary, the nervous system is slowly traumatized,  the fall in 
arterial  pressure  and  development of  angiotonin  refractoriness parallel  one 
another significantly (Table IV).  For example, the first injection of angioto- 
nin into an animal with mean pressure of 170 mm. Hg caused a rise of 22 mm. 
Hg but the next dose with the pressure at 102 was 38 mm. Hg.  If the nervous 
system  is  now  injured,  the  blood pressure  and  response  to  angiotonin  are 
quickly reduced.  If the injury is less pronounced, refractoriness develops much 
more slowly.  In general, the response to angiotonin is lost progressively as the 
arterial pressure falls, but there is no sharp level above which there is response 
and below which there is none.  If the arterial pressure is raised after refrac- 
toriness has developed by such means as injecting acacia or blood, responsive- 
ness does not return.  (See Experiment 2-68, Table I, for example.) 
Directly after injury,  the  responsiveness to  angiotonin may be lost alto- 
gether and return partially within 10 or 15 minutes to be further reduced by 
more injury.  Indeed, after pronounced injury, a depressor rather than pressor 
response may be elicited (Fig. 2). 
Effect of Hypotension and Refractoriness on Plasma Protein and Hematocrit Levels 
The usual event in a cat or dog with hypotension and angiotonin refractori- 
ness is a slow fall in total plasma protein and hematocrit level.  In one experi- 
ment, for example, the total plasma proteins were 6.62 gm. per 100 cc. before 
trauma,  the  hematocrit reading, 42 per cent, arterial pressure, 198 ram. Hg. 
2  hours after injury to the brain  the plasma  proteins were 6.31, hematocrit 
reading 38 per cent, and arterial pressure 86 nun. Hg.  3  hours after injury 
plasma proteins had fallen to 5.56 and hematocrit reading to 33.  Similar re- 
sults were obtained in six experiments.  When injury is produced by concus- 
sive trauma or the electrosurgical knife no significant change in the hematocrit 
level occurs even after as long as 4 hours after the experiment is begun. 
DISCUSSION 
Inability to elicit a pressor response to angiotonin occurs under two sets of 
circumstances:  (1) after abuse of the nervous system, and  (2) after marked 
hemorrhage.  We use the word  "abuse" advisedly, because when the brain 
and cord are destroyed or blocked without initial severe trauma, animals are 
normally responsive to angiotonin.  Hypotension occurs as part  of  the  syn- 
drome regardless of origin.  Neither the kidneys nor the suprarenal glands are 
necessary for the syndrome to develop. mVmE H.  PAGE  57 
That angiotonin refractoriness is not due merely to general depression of 
the organism is shown by the fact that the pressor responses to adrenalin, 
tyramine, and methyl isothiourea are unchanged when the pressor response to 
angiotonin has been abolished. 
There appears to be a  significant relationship between the level of arterial 
pressure and development of aflgiotonin refractoriness.  While wide variations 
occur, it usually develops at levels of from 30 to 60 ram. Hg.  Once refractori- 
ness has occurred, it is not overcome by raising the blood pressure with acacia 
or whole blood. 
We have found nothing as yet which will restore responsiveness except rest. 
Glycine, urea, and methyl isothiourea often restore it in some measure, but 
the restoration is short lived.  On further exhibition of these drugs, they lose 
their  effectiveness. 
Significant changes in the plasma proteins or hematocrit level usually do 
not occur, even though the animal has had marked hypotension for 2 hours 
or  more. 
The question whether the hypotension which occurs in this syndrome is in 
part due to inability of the blood vessels to respond to angiotonin is an impor- 
tant one but cannot be answered on the basis of present evidence.  Observa- 
tions from various sources suggest that the renal vasopressor system is con- 
cerned with the regulation of arterial pressure whether it is high or low.  And 
the parallelism between the loss of response to angiotonin and the fall in blood 
pressure also suggests an association, particularly since the responsiveness to 
other pressor substances is not lost.  Which is cause and which effect is not 
evident.  Obviously hypotension can occur merely as the result of total, expert 
destruction of the nervous system without loss of responsiveness to angiotonin. 
S~ARY 
1.  Angiotonin refractoriness  and  hypotension follow  upon  injury  to  the 
central  nervous  system in  dogs and  cats.  Refractoriness does not develop 
when the nervous system is quickly and expertly destroyed or the activity of 
the nervous system depressed by widespread injection into it of a-local anes- 
thetic.  The syndrome develops in the absence of the kidneys and the supra- 
renal  glands. 
2.  Glycine, methyl isothiourea, and rest are the only agents studied which 
tend to restore responsiveness, and the first two of these have only an irregular 
and temporary effect. 
3.  There is a marked degree of specificity in the syndrome since undiminished 
pressor  responses  to  adrenalin,  tyramine,  methyl isothiourea  are  observed 
during complete angiotonin refractoriness. 
4.  Despite the prolonged hypotension, change in the amount of plasma pro- 
teins and in the hematocrit readings is not striking. 58  LOSS O~" PRESSOR RESPONSE TO ANGIOTONIN 
5.  Parallelism seems to exist between the fall in blood pressure after trauma 
to the nervous system and development of angiotonin refractoriness.  Mter 
the syndrome has developed, elevation of the blood pressure by the injection of 
gum  acacia  solution  or whole blood does not  restore  the  responsiveness  to 
angiotonin. 
6.  Angiotonin  refractoriness  and  hypotension  also  develop  after  marked 
hemorrhage.  Suprarenalectomy  or  nephrectomy  does  not  prevent  its  ap- 
pearance. 
I wish to express my gratitude to Mr. John Tilden for technical assistance  in this 
work. 
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